S t u r g e o n L a k e M i s s i s s i p p i River

ABSTrACT
The U.S. Geological Survey, in cooperation with the Prairie Island Indian Community and the Minnesota Department of Natural Resources, conducted a study of Sturgeon Lake (a backwater lake in Navigation Pool 3 of the Mississippi River) during 2003-04 to describe the physical, chemical, and biological characteristics of the lake. Riparian and shoreline areas surrounding Sturgeon Lake consist primarily of deciduous tree and shrub cover with minimal amounts of commercial or residential land use. Woody debris and aquatic vegetation are the major types of physical habitat suitable for fish and invertebrates. Among 10 bottom-sediment sampling sites, 24 organic wastewater compounds, 1 organochlorine pesticide metabolite (p,p'DDE), and total polychlorinated biphenyls (PCBs) were detected in the bottom sediments of Sturgeon Lake. The most prevalent class of compounds detected were polyaromatic hydrocarbons. Other classes of compounds detected include sterols, disinfectants, plastic components, alkylphenols, and fragrances. Three compounds detected (bisphenol A, benzo[a]pyrene, and triclosan) are considered endocrine disrupting compounds. Twenty-one and 49 invertebrate taxa were identified from 10 bottom-sediment and 6 woody-debris/vegetation samples, respectively. Most of the taxa were Diptera in the family Chironomidae. The most common invertebrate in terms of density in bottom-sediment samples was the burrowing mayfly (Hexagenia sp.). Trichoptera in the families Hydropsychidae or Polycentropodidae were common in most of the woody-debris samples. The presence of the Hexagenia larvae in samples indicates that the bottom sediments are stable and that dissolved oxygen concentrations in the lake do not drop to acute or sub-lethal anoxic conditions. Backwater lakes such as Sturgeon Lake are important areas of habitat for aquatic organisms along the Mississippi River, and this report provides baseline physical, chemical, and biological information that resource managers can compare with future investigations.
InTroDUCTIon
The Prairie Island Indian Community is located in Goodhue County within the Mississippi River Valley between the cities of Hastings and Red Wing, on the eastern border of Minnesota ( fig. 1 ). In the vicinity of Sturgeon Lake, the Mississippi Valley is 1.6 to 4.8 kilometers wide and bounded on each side by 100-meter-high bluffs. The Mississippi River flows northwest to southeast just north of Prairie Island and Sturgeon Lake. Just downstream from Sturgeon Lake is the U.S. Army Corps of Engineers Lock and Dam No. 3 about 1 kilometer upstream from the confluence of the Mississippi and Vermillion Rivers.
The surficial aquifer underlying Sturgeon Lake is 40-60 meters thick, extends to bedrock (the Franconia Formation, which also is an aquifer), and is composed primarily of sand and gravel but also contains thin, isolated lenses of finergrained material (Cowdery, 1999) . Flow in the surficial aquifer is normally from the Mississippi River to the Vermillion River (southwest). During spring snowmelt or heavy rains, ground water flows toward the surrounding surface waters, including Sturgeon Lake.
Backwater lakes such as Sturgeon Lake provide important areas of aquatic habitat along the Mississippi River. These backwater lakes are typically shallow, have warmer temperatures, increased residence times, and have higher biological productivity relative to the main channel (Eckblad and others, 1984; Junk and others, 1989) . Organisms can take refuge in these lakes during extreme low or high flow events in the river and use the lakes for seasonal spawning and nursery habitat (Junk and others, 1989; Scott and Nielson, 1989) . The U.S. Geological Survey (USGS), in cooperation with the Prairie Island Indian Community and the Minnesota Department of Natural Resources, conducted a study to measure and describe the physical, chemical, and biological characteristics of Sturgeon Lake during 2003-04.
Purpose and Scope
The purpose of this report is to present the physical, chemical, and biological characteristics of Sturgeon Lake during 2003-04. These characteristics include (1) lake bathymetry, (2) bottom-sediment composition, (3) physical habitat, (4) concentrations of selected contaminants in bottom sediments, and (5) invertebrate-community composition. 
Methods
Bathymetric data were collected, bottom-sediment composition was characterized at 63 sites (appendix 1), physical habitat was characterized at 30 sites ( 
Bathymetry-Data collection and processing
A bow-mounted, 1,200 kilohertz acoustic doppler current profiler (ADCP) deployed from a boat was used to gather lake depth data during April 24-25, 2003 . The ADCP is a fourtransducer beam instrument designed to collect streamflow information (discharge measurements, velocity vectors, and depths) and also can be used as a depth sounder. Approximately 50,000 lake-depth data points were collected with the ADCP along 20 transects in the lake to ensure a relatively uniform coverage of Sturgeon Lake. The depth of the ADCP below the water surface was checked at the beginning of each day. The four beams are projected at a 20-degree angle from the transducer head and each beam collects depth data. Lake depth was calculated by averaging the depths from each of the four beams and as such the footprint for the average depth is large enough to obscure some bottom features. Differentially corrected global positioning system (GPS) data were collected concurrently with ADCP data in National Marine Electronics Association data string (GGA) format.
WinRiver software (version 10.903.48, RD Instruments of San Diego, Calif., 2001) was used for data processing. Latitude, longitude, and the average value of the four individual beam depth readings and GPS coordinates were used for bathymetric map preparation. Lake elevation, recorded at the USGS lake gage (Sturgeon Lake, west side at Prairie Island, MN; station identification number 05344850), was used to adjust data to a known lake elevation (205.75 meters above NAVD 88).
Data files were processed with a geographic information system to prepare bathymetric contours of lake depth ( fig. 2) . Lake boundary lines were obtained from Minnesota Department of Natural Resources 1:24,000 lake data and modified to fit the study area (Minnesota Department of Natural Resources, 2003) . The lake boundary was assigned a zero depth and used as input in the generation of lake bathymetric contours. The bathymetric map produced as part of this project is not intended for and is not sufficient for navigational purposes.
Bottom-sediment composition-Collection and processing
Bottom-sediment composition was characterized at 63 sites throughout the lake during August 11-13, 2003 . A stainless-steel Eckman grab sampler was used to collect bottom-sediment samples from the top 25 centimeters of bottom sediment with minimal disturbance at the sediment-water interface. Bottom-sediment samples were characterized (table 2) on-site and archived at the USGS Minnesota Water Science Center. Latitude and longitude, lake depth, time, and sediment composition were recorded at each location. Basic water-quality field measurements (pH, dissolved oxygen, water temperature, and specific conductance) also were recorded at each sample location (appendix 1).
Physical habitat-Field characterization
Lake physical-habitat characterization followed U.S. Environmental Protection Agency (1997) protocols and was conducted during July 8-9, 2004. The following is a brief description of the procedures. Physical-habitat characterization at Sturgeon Lake included (1) temperature and dissolved oxygen profiles at one index location in the deepest part of the lake, and (2) measures or observations of riparian, shoreline, and littoral characteristics at 30 sites around the perimeter of the lake ( fig. 3 , table 1, appendix 2). Riparian observations at each site pertain to the adjacent land or wetland area that is 15 meters wide and extends 15 meters back onto land. Shoreline measurements pertain to the area 15 meters along the shore and 1 meter back onto land. Littoral measurements pertain to the water and lake bottom in the 10-meter distance between the boat and the shoreline and extending 15 meters along the shore.
Riparian area measures included characterization of vegetation type (appendix 2). Shoreline measures included characterization of shoreline substrate, bank features, and human influences (buildings, commercial sites, parks, docks, walls, dikes, revetments, dumps, roads, row crops, pasture, orchards, or lawns). Littoral area measures included determination of water depth, presence of surface films, bottom-substrate coverage, aquatic macrophyte coverage, and aquatic organism habitat coverage.
Contaminants in bottom sediment-Sample collection and processing techniques
Bottom-sediment contaminant samples were collected according to established protocols (Shelton and Capel, 1994) . Twelve samples were collected from the lake (10 environmental samples and 2 quality-assurance samples) with a stainless steel Eckman grab sampler on September 4, 2003 (table 1, appendixes 3 and 4). The bottom-sediment sample was discarded if it contained a large amount of vegetation or appeared to be disturbed. Bottom-sediment samples were transferred to a glass container and homogenized for 5 minutes, and 100-200 grams of unsieved wet material were placed in wide-mouth, glass containers, chilled, and sent to the USGS National Water Quality Laboratory in Denver, Colorado.
All collection and processing equipment was cleaned between samples with a succession of native water, soapy tap water, tap water, deionized water, methanol, and organic-free water rinses. To avoid contamination of samples, use of personal care items (such as insect repellent, sunscreen, cologne, aftershave, and perfume) was avoided for personnel collecting and processing samples. Caffeinated products and tobacco products were not consumed during (or immediately prior to) collection or processing of samples. Powderless, disposable gloves were worn during bottom-sediment sample collection to avoid contamination of samples. Standard labeling and packing techniques (double foam sleeves placed around bottles) were used to ensure sample integrity. When not in use, sample processing equipment was covered. A submersible data sonde was used for profile measurements of pH, dissolved oxygen, water temperature, and specific conductance at the index location (site 53 on fig. 4 ), and at sites where bottom-sediment composition was characterized (appendix 1). The data sonde was calibrated according to manufacturer's specifications before and following sampling to assure proper operation. Measurements were made at multiple locations in the water column based on total lake depth. Measurements at sites with a total depth less than 1 meter were made in the middle of the water column. Sites with depths greater than 1 meter but less than 3 meters were measured at the top and bottom of the water column; and those sites with total depths greater than 3 meters were measured at multiple intervals. Top measurements were made at 0.1 meter below the lake surface and bottom measurements were made 0.1 meter above the lake bottom.
Contaminants in bottom sediment-Laboratory analyses
USGS production methods (laboratory schedules 1325 and 2503) and a research method (laboratory code 8050) were used to analyze compounds in bottom-sediment samples (appendixes 3 and 4). All analyses were completed at the USGS National Water Quality Laboratory in Denver, Colorado. Method 8050 was used to analyze 62 household, industrial, and agricultural-use compounds, and sterols (organic wastewater compounds (OWC)). Method 1325 was used to measure polychlorinated biphenyls and organochlorine pesticides according to Wershaw and others (1987) . Twelve samples (10 environmental and 2 quality assurance) were collected throughout the lake ( fig. 3 and table 1 ) and analyzed using lab code 8050. A subset of five samples (sites 1, 3, 4, 6, and 8) also was analyzed for laboratory schedules 1325 and 2503. Research methods, in contrast to production methods, are not conducted in a routine laboratory production capacity. Protocols are in development and extensive quality-control databases have not yet been developed or archived; therefore, there is greater uncertainty related to the constituent concentrations for research methods.
Subcritical water modified with 50-percent isopropanol was used to extract organic compounds from environmental sediment samples for research method 8050 at two temperatures (120ºC and 200ºC) at 2,000 pounds per square inch (40 minutes at each temperature) using a commercially available instrument (ASE 200, Dionex Corp.) . Solid-phase extraction cartridges (polystyrene divinylbenzene and fluorosil) are used in tandem for extract clean up, and analysis is by full-scan capillary-column gas chromatography/mass spectrometry. At least one spike and one blank were analyzed for every set of 10 samples, and 3 surrogate compounds were added to each sample.
Invertebrates-Sample collection and processing techniques
Aquatic invertebrates were collected from woody debris, aquatic vegetation, and bottom sediments at 16 sites throughout Sturgeon Lake on September 9, 2004 ( fig. 3 and table 1 ). Woody debris and vegetation samples were collected along the shoreline and within the lake by brushing the surface of wood or vegetation and collecting the debris in a D-framed-net with a 500-µm-size mesh. Bottom-sediment samples were collected with an Eckman grab sampler. Material in the grab was transferred to a sieve (500 µm) and rinsed until the fine sediments were removed. The remaining residue in the sieve was transferred into a 500-mL wide-mouth bottle. Invertebrate samples were preserved in the field in ethanol and sent to the Minnesota Department of Natural Resources Ecological Services Aquatic Invertebrate Biology Office in St. Paul for identification and enumeration.
Samples were sorted under a dissecting microscope and specimens were identified to the lowest practical taxon, typically at the genus level. Chironomidae were mounted in CMC-10 media on slides, allowed to clear for 1 week, and identified by using a compound microscope. Chironomidae were quantified when abundances were less than 500 individuals per sample. Those samples with greater than 500 Chironomidae per sample were subjectively assessed as "abundant," "common," or "present." Abundant indicates a taxa with the greatest number of individuals, followed by common, and 
Quality Assurance
All field personnel were familiarized with study design and sampling protocols prior to field sampling or data processing to assure sample integrity. One laboratory blank and one laboratory spike sample were analyzed with environmental samples to assess laboratory procedures with respect to the 62 OWCs analyzed using USGS research method 8050. Two OWCs were detected in laboratory blank samples. Phenol and diethylhexyl phthalate were detected in both environmental and laboratory blank samples. Detection of either of these two compounds in environmental samples may be reflective of laboratory contamination. Laboratory spike samples provide information about how well a compound is recovered through laboratory analyses. Spike recoveries ranging from 60 to 120 percent are generally in the acceptable range for routine analyses. The spike recoveries among all OWCs ranged from 4 to 146 percent, but most were in the acceptable range (appendix 3). Those compounds with high or low recoveries may have environmental concentrations that are either biased high or low.
Replicate samples were collected at two bottom-sediment contaminant sites to determine variability of detection and concentration that result from sample processing techniques (sample splitting, filtration, and transport). Replicate samples consist of a split of the field sample so the field and replicate samples should be nearly equal in composition. Concentrations of detected compounds in replicate samples were compared by calculating a relative standard deviation (RSD) for each compound. The RSD is calculated by dividing the standard deviation of the samples by the mean of the samples, and then multiplying by 100. There was a wide range of RSDs for the compounds analyzed, ranging from 0 to 76.1 (table 3). The average RSD for detected compounds in the sample from sites 9 and 12, respectively, was 31 and 9 percent. Although RSDs for some OWCs are greater than 10 percent, the concentrations of OWCs in the field and replicate samples were in the same order of magnitude. The greater RSDs in the sample from site 9 may be the result of incomplete sample homogenization in the field or laboratory analytical error.
PhySICAL ChArACTerISTICS
Sturgeon Lake is a backwater lake in Navigation Pool 3 of the Mississippi River that is essentially an impoundment behind Lock and Dam No. 3. Lake levels depend on river stage changes and Lock and Dam No. 3 operation. Sturgeon Lake lies just south of the Mississippi River along a length of approximately 3 kilometers and receives incoming Mississippi River water directly through two channels in the northern and eastern parts of the lake ( fig. 1 ). In addition, it is also connected to North Lake through Buffalo Slough and to Brewer Lake by one channel. Both Brewer and North Lakes are connected to the Mississippi River.
Depths throughout the lake ranged from less than 1 to about 7 meters ( fig. 2) . Most of Sturgeon Lake is shallow (less than 3 meters) at a lake stage of 205.75 meters reported at the USGS gage located on the west side of Sturgeon Lake. Exceptions include deeper areas near an inlet from the Mississippi River on the north and west side of the lake (Stefan and Anderson, 1980) , in Buffalo Slough, and near the outlet into the Mississippi River in the southeastern part of the lake. The lake bottom is periodically dredged to facilitate navigation from the lake marina to the outlet in the southeastern part of the lake.
Bottom-sediment composition is variable throughout the lake, likely depending on hydrologic conditions (fig. 4) . The bottom substrate is a mixture of sand and silt in many areas within the lake. Bottom material in Buffalo Slough is composed primarily of coarse substrate such as boulders and gravel overlying coarse sand. Other areas in the lake near the inlets to the Mississippi River have bottom substrate that is composed of coarse sand. In the numerous areas downstream from islands and in small coves, the bottom material is primarily composed of silt, fine sand, and clay.
The riparian area surrounding Sturgeon Lake consists primarily of deciduous tree and shrub cover ( fig. 5, appendix  2) . Most of the cover consists of trees less than 0.3 meter in diameter, and herbs, forbes, and shrubs. There are few commercial or residential buildings in the riparian or shoreline areas surrounding the lake with the exception of the area near sites 1 and 3 (at the marina) and near sites 12, 24, and 25 where there is some residential land use. Human influences in the shoreline area consist of boat docks, walls, dikes and revetments, roads, and residential areas or parks. Shoreline substrate is composed mainly of loose sand and other fine sediment and is generally vegetated (appendix 2). Bank conditions are generally stable but vary around the lake from near vertical and undercut to more gently sloping banks with less than 30-percent slope.
Physical habitat for aquatic organisms includes overhanging vegetation, macrophytes, and woody debris along the shoreline of the lake, and coarse substrate such as boulders and gravel in Buffalo Slough. Although generally characterized by sparse or moderate cover, woody debris and aquatic macrophytes are the major types of physical habitat available for fish and invertebrates. There is little physical habitat in the open water areas of the lake, but the bottom substrate in these areas of the lake (sand and silt) is appropriate for invertebrate taxa, such as midges and burrowing mayflies, that serve as food sources for fish. 
CheMICAL ChArACTerISTICS
Water temperature, dissolved oxygen, specific conductance, and pH were relatively uniform throughout the lake (table 4, appendix 1) and followed an apparent pattern related to depth (appendix 1). Water temperature, dissolved oxygen concentrations, and pH were greater at the lake surface than at the bottom. These patterns are likely the result of greater phytoplankton photosynthesis in the relatively warmer water at the top of the lake that has greater sunlight penetration. During photosynthesis, algae utilize energy from incoming sunlight and take in nutrients and carbon to produce carbohydrates and produce oxygen (Stumm and Morgan, 1996) . The pH increases at the same time the carbon dioxide, nitrate, and phosphate are utilized by phytoplankton, resulting in a greater number of relative hydroxyl ions in the water column. Twenty-four OWCs were detected in the bottom sediments of Sturgeon Lake that represent a wide variety of uses and sources (table 5, appendix 3). The number of OWCs detected ranged from 17 to 22 per site. The most prevalent category of compounds detected were polyaromatic hydrocarbons (PAHs). The sources of PAHs are complex, but typically they are byproducts of organic matter combustion and are components in fossil fuels. Atmospheric deposition, urban runoff, municipal wastewater-treatment-plant discharges, woodtreatment facilities, petroleum-development and processing facilities, coal-storage facilities, and transportation networks (both land and river) contribute PAHs to the Mississippi River (Rostad and others, 1995) . Concentrations of PAHs in Sturgeon Lake bottom sediments were greatest at sites 10 and 11 near an inlet from the Mississippi River, and at site 12 (table 5; appendix 3). Rostad and others (1995) attributed the elevated concentrations of PAHs in the bed sediments of the Mississippi River near Minneapolis and St. Paul (in Navigation Pools 1 and 2 upstream from Sturgeon Lake) to municipal sources including wastewater discharge and urban runoff.
Other categories of chemicals detected include sterols, disinfectants, plastic components, alkylphenols, and fragrances (table 5, appendix 3). The sterol, 3-beta-coprostanol, is a fecal sterol that is present in human and livestock wastes. Although wastewater treatment generally removes 95-99 percent of the incoming 3-beta-coprostanol (Walker and others, 1982) , the remaining amount can enter the environment and adsorb to sediments. Rostad and others (1995) attribute wastewater sources for the presence of 3-beta-coprostanol in the bottom sediments of Mississippi River pools near Minneapolis and St. Paul, Minn. The 3-beta-coprostanol concentrations in Sturgeon Lake bottom-sediment samples ranged from 40 to 210 µg/kg (appendix 3). Concentrations greater than 100 µg/kg indicate wastewater contamination (Hatcher and McGillivary, 1979; Venkatesan and Kaplan, 1990) ; therefore, the presence and concentration of 3-beta-coprostanol at sites 9-12 may indicate local or upstream wastewater sources.
Three OWCs (bisphenol A, benzo[a]pyrene, and triclosan) are considered endocrine-disrupting compounds (Nagel and others, 1997; Foran and others, 2000; Kolpin and others, 2002) . Bisphenol A is used in the manufacture of polycarbonate resins. Benzo [a] pyrene is a PAH that is moderately persistent in the environment, binds to soils, and is expected to bioconcentrate in some aquatic organisms (U.S. Environmental Protection Agency, 2005) . Triclosan is an antimicrobial disinfectant used in personal-care items such as hand soaps and toothpaste. The presence of triclosan in the bottom sediments of Sturgeon Lake indicates a local or upstream wastewater source.
Two of 10 organochlorine pesticide or polychlorinated biphenyl compounds analyzed for (p,p'DDE, and total polychlorinated biphenyls (PCBs)) were detected in the 5 bottomsediment samples that were analyzed for those compounds (table 5, appendix 4). The DDT metabolite (p,p'DDE) concentrations ranged from 0.32 to 0.82 µg/kg, and PCB concentrations ranged from 9.4 to 37.4 µg/kg. The spatial distribution of the two compounds was similar. Concentrations of both compounds were lowest at the two sites sampled near the marina. Concentrations increased in an upstream (north and west) direction and were greatest near the Mississippi River inlet at site 8. Total PCB concentrations (0.90-370 µg/kg) were observed by McNellis and others (2001) in Mississippi River bed sediments upstream of Sturgeon Lake (near Anoka and Nininger, Minn.). Neither of the compounds is currently in use, and their detections within the lake-bottom sediments emphasize the ubiquitous nature and slow degradation of these compounds.
Sources of compounds (analyzed in this study) detected in Sturgeon Lake are unknown but may include incoming Mississippi River water or suspended sediments, as many of these compounds also were detected in the Mississippi River and in wastewaters upstream from Sturgeon Lake (Lee and others, 2004) . Additional sources may include atmospheric deposition, surface runoff in the Sturgeon Lake watershed, or point sources into the lake.
BIoLoGICAL ChArACTerISTICS
Twenty-one invertebrate taxa (both insect and non-insect taxa) were identified from bottom-sediment samples collected from 10 sites in Sturgeon Lake (table 6). The number of taxa varied from 2 to 13 per site. Most of the taxa (12 of 21) were Diptera, and most of these were in the family Chironomidae. Chironomidae are commonly present in bottom sediments and other habitats as they are tolerant of a wide variety of conditions (Merritt and Cummins, 1996) . The most common invertebrate in terms of density (individuals per square meter) was the burrowing mayfly (Hexagenia sp.). Hexagenia was a substantial part of many samples making up as much as 50 percent of the density of the invertebrates in some samples (sites 3, 4, 11, 17, and 18) . Hexagenia density ranged from 43 per square meter at site 14 to 3,869 per square meter at site 11. Three sites (10, 13, and 14) had either no or very few Hexagenia.
Hexagenia larvae require soft and stable sediments to create burrows in the bottoms of shallow, slow-moving rivers or lakes (Merritt and Cummins, 1996) and are unable to withstand dissolved oxygen levels below 1 mg/L (Hunt, 1953; Eriksen, 1963) . Persistent oxygen concentrations of less than 7 mg/L also can reduce both survival and size of Hexegenia nymphs (Winter and others, 1996) . Hexagenia presence provides fish food and also reflects environmental health (Fremling 1968; Reynoldson and others, 1989) . During 1957-69, Hexagenia were rare in the 48-kilometer Mississippi River reach near Sturgeon Lake downstream from Minneapolis and St. Paul, Minn., likely as a result of low dissolved oxygen concentrations on the river bottom (Fremling, 1973) . More recently the abundance of Hexagenia has increased in this reach of the Mississippi River (Fremling and Johnson, 1990) . The presence of the Hexagenia larvae in samples throughout much of Sturgeon Lake indicates that the bottom sediments are stable and that dissolved oxygen concentrations in the lake do not drop to acute or sub-lethal anoxic conditions for extended periods. A greater number of taxa (49 invertebrates) were present in woody-debris and vegetation samples than in bottom-sediment samples (table 7) . As with the bottom-sediment samples, most of the taxa were Diptera, in the family Chironomidae. The number of invertebrate taxa ranged from 10 to 22 per site. Mayflies (Ephemeroptera) and caddisfly larvae (Trichoptera) also were more prevalent in the woody-debris samples. Trichoptera in the families Hydropsychidae or Polycentropodidae were common in most of the samples. Invertebrates in both of these families spin capture nets that filter particles and other food from the water. Hydropsychidae were more common on woody debris obtained out in the main body of the lake (site 23), and the Polycentropodidae were more commonly obtained on woody debris near the shoreline margins (sites 20 and 22). The distribution of these taxa is logical as the Hydropsychidae capture nets are coarser and withstand more current, while the Polycentropodidae capture nets have a finer mesh and generally are used in areas of slower currents. No burrowing mayflies were collected from these samples because these organisms would not inhabit solid substrates such as woody debris (Merritt and Cummins, 1996) .
As part of ongoing monitoring, the Wisconsin Department of Natural Resources (WDNR) (in cooperation with the U.S. Fish and Wildlife Service) collected benthic invertebrates at a number of locations on the Mississippi River, including Sturgeon Lake. WDNR collections were processed with a coarser sieve than what was used during this study and sorted without preservation in the field. Although there were differences between the WDNR sampling and sorting procedures than those used in this study, a comparison of the two data sets (data provided by John Sullivan, WDNR) reveal that the dominant invertebrate groups follow similar patterns between the two studies. The most abundant invertebrates in both studies were the mayflies (Hexagenia sp.) followed by the midges (Chironomidae). Average densities for the major groups are greater for this study than for the WDNR study; however, the coarser-mesh sieve used by the WDNR and the laboratory processing likely explain these differences.
SUMMAry
The U.S. Geological Survey (USGS), in cooperation with the Prairie Island Indian Community and the Minnesota Department of Natural Resources, conducted a study of Sturgeon Lake (a backwater lake in Navigation Pool 3 of the Mississippi River) during 2003-04 to determine the physical, chemical, and biological characteristics of the lake. Bathymetric data were collected and a map prepared, bottom sediment was characterized at 63 sites and a map prepared, selected contaminants were measured in bottom sediments at 10 sites, physical habitat was characterized at 30 sites, and invertebrates were collected from woody debris and bottom sediment at 16 sites during 2003-04. Most of the lake is shallow (less than 3 meters) except for a few areas in the lake primarily near the inlets from, and outlet to, the Mississippi River. Bottom-sediment composition is variable throughout the lake, likely depending upon hydrologic conditions. The riparian area surrounding Sturgeon Lake consists primarily of deciduous tree and shrub cover and a minimal amount of commercial or residential land use with the exception of the marina and a few residential areas. Although generally characterized by sparse or moderate cover, woody debris and aquatic vegetation in the littoral area are the major types of physical habitat suitable for fish and invertebrate habitat cover. There is little physical habitat structure in the open water areas of the lake, but the bottom substrate in these areas of the lake (sand and silt) is appropriate for invertebrate taxa such as midges and burrowing mayflies that serve as food sources for fish.
Contaminants measured within Sturgeon Lake bottom sediments include a variety of compounds from diverse sources including incoming Mississippi River water, atmospheric deposition, surface runoff in the Sturgeon Lake watershed, or point sources into the lake. There were 24 organic wastewater compounds (OWCs) detected in the bottom sediments of Sturgeon Lake (17 to 22 detected per site). Polyaromatic hydrocarbons (PAHs) were the most prevalent category of chemicals detected. Other categories of chemicals detected include sterols, disinfectants, plastic components, alkylphenols, and fragrances. The presence of the sterol 3-beta-coprostanol (a fecal sterol) and triclosan (a disinfectant) indicates a wastewater source that may originate from local or upstream areas. Three OWCs (bisphenol A, benzo[a]pyrene, and triclosan) are considered endocrine disrupting compounds.
One organochlorine pesticide metabolite (p,p'DDE) and total polychlorinated biphenyls (PCBs) were detected in a subset of 5 of the 10 bottom-sediment sites that were sampled. The presence of compounds such as p,p'DDE and PCBs that are not currently in use emphasize the ubiquitous nature and slow degradation of these compounds once they are deposited in backwater areas such as Sturgeon Lake.
Twenty-one invertebrate taxa were identified from bottom-sediment samples collected from Sturgeon Lake. A greater number of taxa (49 taxa) were present in woodydebris/vegetation samples than in bottom-sediment samples. Most of the taxa in both sample types were Diptera in the family Chironomidae. Chironomidae are commonly present in bottom sediments and other habitats as they are tolerant of a wide variety of conditions. The most common invertebrate in the bottom sediments in terms of density was the burrowing mayfly (Hexagenia sp.). The presence of the Hexagenia larvae in samples throughout much of the lake indicates that the bottom sediments are stable and that dissolved oxygen concentrations in the lake do not drop to anoxic conditions for extended periods.
This report provides baseline information of physical, chemical, and biological characteristics for Sturgeon Lake, which is a backwater lake on the Mississippi River. This information will provide managers with information to manage the lake and a baseline with which to compare future investigations. Routine monitoring of aquatic invertebrate, fish, and aquatic plant characteristics in conjunction with water and sediment chemistry monitoring at established sites 
